
N A S A  T E C W N l C A L  
M E M O R A N D U M  

NASA TM X- 52543 

EFFECT OF POWER SUPPLY IMPEDANCE ON 
THE SERT I1 NEUTRALIZER 

by David C. Byers 
Lewis Research Center 
Cleveland, Ohio 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION t WASHINGTON, D.C. 1969 



This information is being published in prelimi- 
nary form in order to expedite its early release. 



NASA TM X-52543 

EFFECT O F  POWER SUPPLY IMPEDANCE ON 

THE SERT II NEUTRALIZER 

by David 6. Byers 

Lewis Research  CenteS 
Cleveland, Ohio 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



EFFECT OF POWER SUPPLY IMPEDANCE ON THE SERT I I  NEUTRALIZER 

By David C. Byers 

Lewis Research Center 

Cleveland, Ohio 
Nat i ona 1 Aeronaut i cs and Space Admi n i  s t  r a t  ion 

A0 STRACT 

The e f fec t  o f  neut ra l i zer  keeper power supply impedance on 

neut ra l i zer  performance was invest igated w i t h  three basic keeper power 

supplies. Within l im i ts ,  the required neutral  f low r a t e  decreased w i t h  

increasing keeper supply capacitance (o r  decreasing inductance). The 

change i n  neu t ra l i ze r  performaqce re f l ec ted  by the v a r i a t i o n  o f  power 

supply c i r c u i t r y  tested was such as t o  change the ove ra l l  SERT I I  

g th rus ter  e f f i c i e n c y  by as much as 12 percent. -. 
6 

Coherent o s c i l l a t i o n s  o f  frequencies between about 0 .3~10 and 
3 
!4 

6 r l  
0 . 6 ~ 1 0  sec: werq observed on several neut ra l i zer  parameters when 

fhe neut ra l i zer  power supply was capaci t ive i n  nature. These o s c i l l a -  

- 

t ions  were not studied i n  d e t a i l  i n  the present program, 

INTRODUCTION 

The SERT l l  th rus ter  system ( r e f ,  1 )  u t i l i z e s  a mercury plasma 

br idge neut ra l i zer  ( r e f .  2). Geometric d e t a i l s  and some performance 

charac ter is t i cs  o f  the SERT I f  neut ra l i zer  system have been described 

( re fs .  2 and 3 ) .  The mercury consumption o f  the neut ra l i zer  represents 

a loss i n  th rus ter  system propel lant  u t i l i z a t i o n  e f f i c i ency  o f  between 

4 and 6 percent ( a t  the SERT l l  th rus ter  design operat ing po in t ) .  

power required f o r  neut ra l i zer  operat ion ( inc lud ing  beam coupling power) 

The 

i s  about 3.5 percent o f  the t o t a l  th rus ter  operat ing power a t  0.250 ampere 

beam aurrent, 
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It was recently-discovered, subsequent t o  the f ind ings presented 

i n  references 2 and 3, t ha t  the impedance o f  the neut ra l i zer  keeper 

power supply can s t rongly  a f f e c t  neut ra l i zer  performance. The data 

presented herein show neut ra l i zer  performance as a funct ion o f  neutra- 

l i z e r  keeper power supply output impedance w i t h  several basic power 

supply systems. The trends and l i m i t s  o f  neut ra l i zer  performance w i t h  

keeper supply impedance are spec i f ied  f o r  a SERT 1 1  neut ra l i zer  system. 

Research and development o f  a va r ie t y  o f  electron-bombardment 
. .  

th rus ter  systems and subsystems i s  being car r ied  out by invest igators  

a t  several locations (e.g., re fs .  4, 5, 6 and 7). These e f f o r t s , a r e  

being ca r r i ed  out w i t h  a number o f  d i f f e r e n t  types o f  power supplies 

and associated f i l t e r  networks. The prel iminary data presented i n  

t h i s  report  indicate, however, tha t  small var ia t ions i n  the f i l t e r  

networks, t yp l ca l  o f  power supplies used i n  experimental research, can 

s t rongly  a f f e c t  neut ra l i zer  performance. 

In  add i t ion  t o  performance considerations, some observations o f  

o s c i l l a t  ons o f  various neut ra l i zer  parameters are presented. These 

o s c i l l a t  ons ex is ted w i t h  a l l  c i r c u i t  types tested and were, i n  amp??- 

tude and form, sens i t i ve  t o  the neut ra l i zer  keeper power supply 

impedance. The possible source o f  these o s c i l l a t i o n s  i s  discussed, 

-_  

APPARATUS AND PROCEDURE 

Thruster System 

The th rus ter  system was o f  the SERT I 1  f l i g h t  type design and 

ident ica l  t o  tha t  described i n  reference 3 .  The e l e c t r i c a l  configurati ion 

u t i l i z e d  f o r  a l l  tes ts  presented herein i s  shown i n  f i g u r e  1. For a l l  

tes ts  the th rus ter  system was iso la ted  from ground by zener diodes 
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which were selected t o  prevent the po ten t ia l  r e l a t i v e  t o  ground from 

exceeding 100 vo l ts .  

described 'in d e t a i l  and since t h i s  report  i s  concerned only w i th  neutra- 

Since the th rus ter  system has been previously 
- 

l i z e r  performance no fu r the r  descr ip t ion o f  the th rus ter  system w i l l  

be presented. 

Neutra l izer  System 

The neut ra l i zer  system used was ident ica l  t o  tha t  described i n  

reference 3 w i t h  the exception tha t  the f l i g h t  type mercury reservoir  

was not u t i l i z e d .  

bore glass tube reservojr .  

was obtalned by monitoring the leve l  o f  l i q u i d  mercury a t  frequent 

in te rva ls .  

based on the repeatab i l i t y  o f  f low measuremqnts. The neut ra l i zer  i s  

sJwwn as i t  was i n s t a l l e d  on the thruster  i n  f i gu re  2. Mercury was 

vaporized a t  the pqrous tungsten plug end flowed t o  the cathode through 

a 0.25 cm Ins ide diameter tantalum tube 10 cm i n  length. Detai ls o f  

The l i q u i d  mercury was supplied from a prec is ion 

Direct  measurement o f  the mercury f low ra te  

The f low rates presented qrq actqrate t o  w i t h i n  5 percent, 

construct ipn af the neufrql iTer cathode were presented i n  reference 2 

and are shown i n  f i g u r e  3. 

diameter tube capped o f f  w i t h  a 0.1 cm t h i c k  2 percent thor ia ted  tungsten 

The qathode cqnsisted o f  the 0.25 cm ins ide  

dlsk. An o r i f i c e  about 0.925 cm i n  diameter wa$ sandblasted i n t o  the 

thor ia ted  fungsteq disk. TQ ass is t  i n  star t ing,  a tantalum inser t  

( f i g .  3) coated w i t h  barium carbonate mixture was placed ins ide the 

cathode tube. 

0.05 cm ins ide  diameter o f  the tantalum inse r t  i n t o  a small c y l i n d r i c a l  

volume (about 0.15 cm long by 0,15 cm diameter) and thence through the 

o r i f i c e  i n  the thor ia ted  tungsten disk. The neut ra l i zer  keeper was 

The gaseous mercury was constrained t o  flow through the 
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r a l i z e r  keeper power supplies 

are shown schematically i n  f i g u r e  4. 

added t o  the three basic keeper power supplies f o r  addi t ional  tests. 

In  a l l  cases the cgpacitors were added I n  p a r a l l e l  across the output 

o f  the keeper supply and the inductors were inser ted i n  ser ies w i th  the 

Capacitors an 

pos i t i ve  leg o f  the keeper supply. 

Power supply 1 ( f i g .  4(a) ) was a pa r t  o f  a thruster  power 

condi t ioning system used t o  tes t  and evaluate SERT I 1  prototype thruster  

systems. This basic power supply, w i th  a 2UIF capacitor added across 

the output, was used t o  obta in  the neut ra l i zer  performance data 
I 

I presented i n  f i g u r e  1 1  o f  reference 3 .  Reference 3 presented neutra- 

l i z e r  performance o f  a SERT I 1  f l i g h t  type th rus ter  system over an 

extensive range o f  neut ra l i zer  keeper voltages and thruster  ion beam 

currentsI The f i l t e r  network o f  power supply 1 was a r b i t r a r y  i n  tha t  

i t  was assembled p r i o r  t o  knowledge o f  the e f f e c t  o f  keeper power 

supply impedance on neut ra l i zer  performance. 
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Power supply I l l  i s  pa r t  o f  a prototype SERT I I  neut ra l i zer  power 

cQndit ioner, Both the neut ra l i ze  and th rus ter  were perated w i t h  an 

experimental modal SERT I I  power condi t ioner t o  obta in  data w i t h  t h i s  

t h i r d  power supply, The neut ra l i zer  cont ro l  was rather i n f l e x i b l e  i n  

tha t  only two neut ra l i zer  keeper voltage, set  po ints  were ava i lab le  

per test .  

The three basic keeper power supplies were s im i la r  i n  the fo l lowing 

respect, 

primary) a volt-ampere charac ter is t i c  which dropped from between about 

300 t o  409 vo l t s  a t  0.005 A load t o  zero v o l t s  a t  about 0,200 A load. 

The power supply operation was thus very near ly a t  constant current i n  

the range o f  in te rsec t ion  w i t h  the volt-ampere charac ter is t i c  curve of 

the neut ra l i zer  keeper discharge. In  a l l  tes ts  the neut ra l i zer  keeper 

vol tage was held a t  the selected set po in t  v i a  a feedback loop w i t h  

the neut ra l i zer  vaporizer heater, 

Each supply provided (v ia  an inductor o r  res i s to r  i n  the 

Vacuum Faci 1 i t y  

A l l  tes ts  were conducted i n  a 1.5 meter-diameter, 4.5 meter-long 

vacuum tank. The th rus ter  was i n s t a l l e d  i n  a b e l l  j a r  separated from 

the main tank by a 0.9 meter gate valve. Four 0.8 meter-diameter o i l  

d i f f u s i o n  pumps were u t i l i z e d  along w i t h  cryogenic (LN ) pumping. 

s i m i l a r  vacuum f a c i l i t y  i s  described i n  reference 8. 

L- 

- 

A 2 

A l l  data presented 

-6 
herein wqre taken a t  b e l l  j a r  pressures between 4 and 7x10 t o r r .  
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ted 

with the three basic neutralizer keeper power supplies. 

performed with the same neutralizer-thruster system which was not removed 

from the test facility for the duration of the tests presented herein. 

Various impedances were added to each basic power supply. 

The tests were 
- 

- 
The per- 

formance of the neutralizer with basic power supplies I, 1 1 ,  and 1 1 1  

(with various added impedances) i s  shown in figures 5(a), 5(b), and 

5(c), respectively. The data with the three basic supplies were taken 

at values of total accelerating potential between 4900 and 5300 volts. 

Previous experience indicated that this variation of net extraction 

voltage would not significantly affect neutralizer performance, 

Figure 5(a) present@ the neutralizer keeper voltage and thruster 

floating po$ential as a function of neutralizer flow rate for power 

supply 1 .  

capacitor to a 35 mH inductor. 

filter netwOrk (the capacitor, resistor, and inductor shown in 

figure 4(a) ) removed. These data are presented as the solid data 

points in figure 5(a). 

The impedances added to this supply ranged from a 2 A F  

Power supply I was also tested with the 

curve o f  neutralizer keeper voltage as 

1 f l  simi lac for all 

tested. However, as the neutralizer keeper supply was made more 

inductive (or less capacitive) the neutral flow rate required for a 

voltage increased strongly. These two resul 

for all three basic supplies tested. The observed oscillations on 
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various neut ra l i zer  parameters a lso changed st rongly  w i t h  power supply 

c i r c u i t r y  and t o  p lesser extent w f t h  neutral  f low rate. Discussion 

o f  the o s c i l l a t i o n s  w i l l  be deferred t o  the DISCUSSION section. 

Figure 5(b) shows the re la t ionsh ip  between power supply impedance 

and neut ra l i zer  performance f o r  power supply I f .  It i s  seen tha t  the 

neutral  f lows were somewhat higher f o r  supply I1 than supply 1 .  The 

di f ferences are greater than experimental inaccuracies and are probably 

a t t r i b u t a b l e  t o  the d i f f e r e n t  th rus ter  power condi t ioning systems used. 

Figure 5 ( b )  also shows tha t  the neut ra l i zer  performance does not 

i n d e f i n i t e l y  improve w i th  added capacitance. Very l i t t l e  d i f ference 

i n  pqrfprmance was noted when the capacitance was increased from 

3 t o  30AF. 

Figure 5(c) Shows the neut ra l i zer  performance w i th  power supply I l l .  

The th rvs te r  as wel l  a5 the neut ra l i zer  was operated w i t h  an experi- 

mentgl SERT I I  power condi t ioner f o r  these data. The data w i t h  no 

impedance added was taken on two separate tes ts  and adjustment o f  the 

two avai lab le keeper voltage set po ints  was made between tests. 

are reported w i t h  capacitance added t o  t h i s  supply. 

No data 

Attempts t o  obta in  

data w i t h  a 0,5uF capaci tor  led t o  strong in teract ions w i t h  the prototype 

condit ioner. It i s  seen tha t  w i t h  the experimental SERT I I  power con- 

d i t i o r e r  (no qdded impcdance) the neutral  f low ra te  required t o  maintain 

a given keeper vol tage was somewhat less than tha t  reported i n  reference 3 .  

The data shown by the dashed curve on f i gu re  S(c), o f  reference 3, was 

taken w i t h  a SERT 1 1  f l i g h t  th rus ter  w i t h  power supply I w i t h  a 2 1 F  

capacitor added. 

_- 
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Figure 5(c)  shows tha t  the neut ra l i zer  performance curve w i t h  the 

prototype condi t isngr (no added impedance) corresponded, qu i te  c losely  

t o  tha t  o f  power supply I wOth the f i l t e r  network remved and a 3 4 F  

capaci tor  added ( f f g .  5(a) ) e  Thus s im i la r  neut ra l i zer  performance was 

obtained w i t h  two d i f f e r e n t  basic supplies w i t h  a considerably d i f f e r e n t  

degree o f  capacitance o f  the keeper supply output, 

shows tha t  the neut ra l i zer  performance was near ly ident ica l  w i t h  a 

0.16 mH o r  w i t h  a 2.9 mH inductor added i n  series. 

Figure 5(c) also 

Many eleGtr ica1 and geometric factors  can a f f e c t  neut ra l i zer  per- 

It i s  o f  i n te res t  t o  determine i f  the formance (e.g., re fs .  2 and 3). 

e f f e c t  o f  neut ra l i zer  keeper impedance would ac t  i n  an add i t i ve  fashion 

w i t h  the e f fec ts  o f  the e l e c t r i c a l  and geometric factors  described i n  

references 2 and 3. The e f fec ts  would be expected t o  be add i t i ve  i f  

simi l a r  trends o f  neut ra l i zer  performance w i t h  e l e c t r i c a l  and geometric 

var ia t ions are found using d i f f e r e n t  keeper supply impedances. One 

such factor, the e f fec t  o f  ion beam current on neut ra l i zer  becformance, 

could be conveniently observed w i t h  two d i f f e r e n t  neut ra l i zer  keeper 

power supplies. Figure 6 shows a p l o t  o f  requlred neutral  f low ra te  as 

a funct ion of ion beam current f o r  the data o f  reference 3 (supply 1 ,  

2 &. F capacitor added) and supply I I I (no added impedance). Figure 6 

shows that, although there was a d i f ference i n  neut ra l i zer  performance 

w i t h  the two keeper supplles, the t rend o f  required neutral  f low ra te  

as a funct ion o f  ion beam current was very s i m i l a r  f o r  both cases. 

Osc i l la t ions  o f  Various Neutral izer Parameters 

Osc i l la t ions  were observed by means o f  an osc i l l i scope on several 

peut rg l i zer  parameters w i t h  a l l  supply combinations tested. The 
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Parameters observed were the neut ra l i zer  keeper voltage, Vna, and 

current Jna, the thruster  f l o a t i n g  potent ia l ,  Vg, and the t o t a l  

neut ra l i zer  emission current, Jne, ( the sum o f  the keeper current 

and the net current emitted t o  the beam). 

emission current, rather than the current emitted t o  the beam, was 

observed because the e l e c t r i c a l  junct fon (A on f i gu re  1 )  was made 

i n t e r n a l l y  i n  the various power supplies. 

d i r e c t l y  whi le  the  currents were determtned by recording the vol tage 

drops over the one ohm res is to rs  R1 and R2 shown i n  f i gu re  1. 

The t o t a l  neut ra l i zer  

The voltages were measured 

Figures 7 and 8 show osc i l l i scope traces o f  various neut ra l i zer  

parameters. 

no impedance added ( f i g .  7) and w i t h  a 0.162 mH inductor added ( f i g .  8). 

The data o f  f igures 7 and 8 are typ ica l  o f  a l l  supply conf igurat ions 

tested w i t h  a capacitor o r  an inductor, respectively, as the f i n a l  

output impedance. 

These data were taken w i th  basic power supply 1 1 1  wi th  

Figure 7(a) shows the osci 1 l a t i o n  o f  both the neutral  i ze r  keeper 

current and the t o t a l  neut ra l i zer  emission current. The neut ra l i zer  

keeper current exhib i ted a large coherent osc i l l a t i on .  This coherent 

o s c i l l a t i o n  occurred w i t h  a l l  the capaci t ive c i r c u i t s  presented herein. 

The frequency was between O,3xlO MHz f o r  the range o f  

c i r c u i t s  tested. With a given keeper supply c i r cu i t ,  the frequency 

6 6 and 0.65~10 

decreased w i t h  decreasing keeper voltage (o r  increasing neutra l  f low 

rate) .  Some charac ter is t i cs  o f  the observed o s c i l l a t i o n s  w i t h  power 

supplies I and I I  are given i n  Table I .  

The o s c i l l a t i o n  o f  the t o t a l  neut ra l i zer  emission current 

( f i g .  7(a) ) i s  f n  phase w i t h  and o f  very near ly the same amplitude as 
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the o s c i l l a t i o n  o f  the neut ra l i zer  keeper current. As previously 

mentioned, the t o t a l  emission current was the sum o f  the keeper current 

and the net current emitted from the neutralizer., It i s  evident, then, 

from f i gu re  7(a) t ha t  the net e lect ron current from the neut ra l i zer  i s  

approximately constant. 

Figure 7(b) shows the neutra l izen keeper current and voltagee It 

i s  seen tha t  the neut ra l i zer  keeper vol tage o s c i l l a t e d  a t  the same 

frequency as the keeper current and approximately 180 degrees out o f  

phase w i t h  i t .  The peak-to-peak amplitude o f  the o s c i l l a t i o n  o f  the 

neut ra l i zer  keeper vol tage decreased w i t h  increasing capacitance, as 

might be expected, 

same frequency (w i th  a peak-to-peak amplitude o f  about 4 vo l t s )  as the 

other  parameters and f o r  the sake o f  b rev i t y  i s  not shown. 

The th rus ter  f l o a t i n g  po ten t ia l  o s c i l l a t e d  w i t h  the 

Figure 8 shows the e f f e c t  o f  added inductance (0.162 mH) on the 

same parameters shown i n  f i gu re  7. Figure 8(a) shows both the keeper 

and net emitted Currents. It i s  seen tha t  the addi t ion o f  inductance 

damped the o s c i l l a t i o n  o f  the currents, as might be expected, 

shows the keeper current and voltage. 

a peak-to-peak noise i n  the neut ra l i zer  keeper vol tage o f  about 36 vo l ts ,  

The data o f  f i gu re  8(b) are t yp i ca l  o f  a l l  supplies tested w i th  an 

inductor as the f i n a l  impedance. 

keeper vpl tqge inGreaoed w i t h  inductance, For example, the peak-to-peak 

noise amplitude o f  the keeper vol tage w i t h  power supply 1 1 1  w i t h  2.8 mH 

added inductance vas about 48 vo l ts .  

Figure 8(b) 

The addi t ion o f  inductance caused 

The amplitude o f  the.noise o f  the 
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The o s c i l l a t i o n s  were a lso noted i n  the preheat phase o f  thruster  

operation. During the preheat phase the ion beam current i s  zero and 

the neut ra l i zer  keeper discharge arc  i s  l i t  w i t h  no net emission from 

the neutra l izer .  The o s c i l l a t i o n s  i n  neut ra l i zer  keeper current and 

vol tage were ( f o r  power supply I I I w i t h  no added impedance) approximately 

the same as those observed during normal th rus ter  operation. 

DISCUSS I O N  

Overal l  Thruster Ef f ic iency 

The data o f  f i gu re  5 w i l l  be discussed i n  terms o f  the e f f e c t  on 
- 

the SERT I 1  thruster  e f f i c i ency  represented by the va r ia t i on  of neutra- 

l i z e r  performance. The t o t a l  neutra l  f low o f  the SERT I t  thruster  

system ( inc lud ing tha t  required f o r  the neut ra l i zer )  i s  about 320 ma o f  

equivalent f low. The overa l l  propel lant  u t i l i z a t i o n  e f f i c i ency  o f  the 

SERT I f  th rus ter  system then changes by about one percent w i t h  a 

3 millampere equivalent change of neut ra l i zer  neutral  f low rate. The 

f low va r ia t i on  shown on f i g u r e  5(a) represents about 8 percent o f  the 

overa l l  propel lant  requirements o f  the SERT I 1  thruster  system a t  a 

neut ra l i zer  keeper voltage o f  29 vo l ts .  The range o f  neutra l  f lows 

would r e f l e c t  a va r ia t i on  i n  t o t a l  prgpel lant  requirement o f  near ly 

12 percent a t  a keeper vol tage o f  22 vo l ts .  

The th rus ter  f l o a t l n g  potent ia l ,  V w i t h  respect t o  the bu i l d ing  

ground increased (became less negative) i n  f i g u r e  5(a) w i t h  increasing 

neutra l  f low r a t e  but d i d  not vary s t rongly  w i t h  c i r c u i t  impedance. 

The decrease o f  f l o a t i n g  po ten t ia l  w i t h  decreasing f low r a t e  corresponds 

t o  an increase i n  coupling power and, hence, represents an increased 

g’ 
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power loss. 

and the sum o f  the absolute valve o f  the f l o a t i n g  po ten t ia l  and beam 

potent ia l .  The coupling po ten t ia l  (based on probe f l o a t i n g  po ten t ia l  

measurements) was found t o  be between 2 and 4 times the absolute value 

o f  the th rus ter  f l o a t i n g  po ten t fa l  over a large range o f  condit ions 

( re f .  2), 

shown on f i gu re  5(a) then corresponds t o  a possible 24 v o l t  increase 

i n  coupling voltage or  a power increase o f  about 6 watts. This power 

i s  less than one percent o f  the t o t a l  SERT I 1  nominal operat ing power 

(850 W). 

The coupling power i s  the product o f  the ion beam current 

- 

The 6-vo l t  va r ia t i on  i n  absolute value o f  f l o a t i n g  po ten t ia l  

The range o f  va r ia t i on  o f  propel l en t  requirements w i t h  keeper 

vol tage shQwn gn f igures 5(b) and 5(c) i s  somewhat smaller than tha t  

shown on f i gu re  5(a). 

d i f ferences i n  the basic keeper power supplies o r  i f  i t  arises, i n  

pqrt, from the f a c t  tha t  d i f f e r e n t  thruster  power condit ioners were 

u t i l i z e d  w i t h  each basic keeper power supply, 

o f  the net accelerat ing po ten t ia l  supply was considerably d i f f e r e n t  f o r  

the th rus ter  power condit ioners used w l t h  basic power supplies I and 1 1 1 .  

Both high vol tage supplies produced a nominal voltage o f  +3300 vol ts ,  

The one used w i t h  basic power supply I ,  though, had a 1600 v o l t  peak-to- 

It i s  not known i f  t h i s  i s  due so le ly  t o  the 

The high vol tage r i p p l e  

_ _  - 

peak 

200 

w i t h  

SUPP 

r i p p l e  whi le  the other used w i t h  basic power supply 1 1 1  had a 

ol t peak-to-peak r ipp le .  

It was seen tha t  the neut ra l i zer  performance w i t h  power supply I 

a 3 u F  capacitor added ( f i g .  5(a) ) was s lm i la r  t o  tha t  w i th  power 

y I l l  which had a Q.33UF capacitor as i t s  f i n a l  impedance ( f i g .  5(c) ). 

. - -_. 



It was also seen from figure 5(a) that the neutralizer performance was 

sensitive to variation of capacitance in the range 0.33 to 31LF cgpaci- 

tance. The similarity of neutralizer performance with the large 

difference in final output capacitance might be due to the difference 

- 

in the ripple of the net accelerating potential supplies utilized with 

basic power supplies I and 1 I I .  

The data of figure 5(b) indicated that the neutralizer performance 

became insensitive t o  increases in capacitance. Figure 5(c) indicated, 

on the other hand, that the decrease of neutralizer performance with 

added inductance might hold only over limited range of inductance. It 

is not known if the limits of the relationship between impedance and 

neutralizer performance suggested by figures 5(b) and 5(c) are general 

or specific to the particular electrical and geometrical neutralizer- 
_._ 

thruster systems tested. 

The trends of the results presented herein are, however, probably . _  
applicable to other thruster types which utilize mercury-hollow cathode 

neutralizers. It is likely that the relative effects of neutralizer 

keeper supply impedance on overall thruster performance would increase 

as the thruster beam power decreases from those of the SERT I I  configuration. 

Possible Sources o f  Oscillations 

Exact identification of the source of the oscillations would have 

required a ,more detailed investigation than covered by this report. 

is of interest, however, to discuss the oscillations in terms of the 

available data. 

interaction between the neutralizer system and the ion beam since the 

It 

The presence of the oscillations does not depend on an 
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o s c i l l a t i o n s  i n  keeper current and voltage ex is ted during preheat 

w i t h  no ion beam presenf. 

Figure 7 showed tha t  the keeper vol tage o s c i l l a t e d  a t  the same 

frequency as the keeper current but was approximately 180 degrees 

charge propert 'ies o f  the keeper discharge. 

which gives r i s e  t o  the  o s c i l l a t i o n  produces 

ava i lab le  electrons, the number of ions avai 

out  o f  phase, Thls behavior indicates tha t  the impedance o f  the 

keeper discharge plasma changed w i t h  the observed frequency. 

f a c t  'is suggestive tha t  some mechanism ex is ted which led t o  per iod ic  

plgsma densi ty va r ia t i on  o f  the keeper discharge plasma. 

o f  the discharge plasma densi ty would vary the impedance and the space 

The 

Var la t ion 

f the basic mechanism 

a per iod ic  va r ia t i on  o f  

able (by ion izat ion)  

would also vary, The ion densi ty i n  the neut ra l i zer  keeper discharge 

i n  

tend 

ue) 

out 

i s  a lso o f  importance t o  the s t a b i l i t y  ( re f ,  9) o f  the discharge 

that, i f  i n s u f f i c i e n t  iQns are avai lable, the electron f low w i l l  

t o  become space charge l i m i t e d  ( i . e e  decrease from i t s  normal va 

I n  a case of larger o s c i l l a t i o n s  the discharge may go completely 

and thruster  operation would be stopped, 

The basic o s c i l l a t i o n  producing mechanism could e x i s t  e i t he r  ins ide 

the neut ra l i zer  cathQde and/or i n  the arc  between the cathode and the 

keeper. 

t i ons  o f  the order o f  the observed frequencies. Plasma o s c i l l a t i o n s  

have been observed i n  mercury discharges which have been ascribed t o  

ion acoustic waves ( re f .  lo) ,  Reference 1 1  a lso proposed a "cont inui ty 

Some mechanisms have been reported which gave r i s e  t o  o s c i l l a -  

Q s c i l l a t i o n "  which could cause per iod ic  osc i l la t lons .  
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The frequencies predicted by the phenomena presented i n  references 

and 1 1  are both proport ional  t o  the square root  p f  the plasma number 

density. I n  add i t ion  the frequency predicted by reference 1 1  i s  pro- 

por t ional  t o  the square root o f  the neutral  number density. The data 

o f  tab le  I shows tha t  the frequency, f o r  the two c i r c u i t s  shown, 

decreased slowly w i t h  increasing f low rate. The f low ra te  and keeper 

voltage could not be independently varied, however, and the frequency 

change may be re la ted  t o  the change i n  keeper voltage. Unfortunately 

- 

10 

the data are not extensive enough t o  def ine the cause o f  the osc i l l a t i ons .  

CONCLUDING REWRKS 

It was found tha t  the impedance o f  the neut ra l i zer  power supply 

For the power could s t rongly  a f f e c t  neut ra l i zer  performance tested. 

supplies tested the required neutral  f low rates a t  a f i x e d  keeper 

voltage decreased w i t h  increasing capacitance (o r  decreasing inductance). 

The change o f  neut ra l i zer  performance re f lec ted  by the va r ia t i on  of 

power supplies tested was such as t o  change the overa l l  SERT I I  

e f f i c i ency  8 and 12 percent a t  keeper set  po in t  voltages o f  29 and 

vol ts,  respectively. 

6 
Coherent o s c i l l a t i o n s  o f  frequencies between about 0 .3~10 

0,65xlO Hz were observed on several neut ra l i zer  parameters when the 

neut ra l i zer  power supply was capaci t ive i n  nature. The o s c i l l a t i o n s  

were not studied fu r ther  i n  t h i s  program. 

t o  

6 
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TABLE 1 .  - OBSERV&D FREQUENCIES 

Ion beam current, 0-25 A; keeper current, 4.2 A 

Neutra l izer  Neu t ra  1 Observed 
keeper voltage, f low rate, frequency, 

$a mA MHz 
m f 

36.2 

21.8 

18,3 

1 * 1  0,526 

14.6 0.464 

30.8 0,384 

(a) Modif ied Power: SuppJj, I (no f i l t e r  
network) 3 UF capeci t o r  added 

Neutra l izer  Neu t re 1 Qb s e rved 
keeper voltage, f low rete, frequency, 

V 

m 
mA 

f, 
M H t  

37.5 

30e4 

26.9 

21.8 

19.9 

15.8 0.50 

17*4 0,487 

19.5 0.493 

26.2 0,417 

31,8 0.385 

(b) Power Supply I I ,  no added impedance 
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Figure 1 - Electrical schematic of SERT I1 thruster. 



r NEUTRALIZER 

Figure 2,- Cross-sectioned view of neutral izer subsystem. 
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' (a) Neutralizer keeper, Jna and t o t a l  emission, Jne, curren'ts. 
- -_^_ II ___ 

- ___ " ~ 

1 (b) Neutralizer keeper current  ~ and voltage, 

Figure 7. - Oscilloseope traces of various neut ra l izer  
. . ... . 

parameters. Basic c i r c u i t  111. 



1 psec 

(a) Neu t ra l i ze  keeper, Jna, and total emission, Sne, currents. 
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Figure 8. - Oscilloscope traces of' various neut ra l izer  

added. 
parameters. Basic c i r c u i t  111, 0.162 m H inductor -- 


